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10/821143 


7,646,744 


Claims 1 and 20 


Claim 1 


1 . A radio frequency (RF) multi-antenna 
access point enhancement 
circuit comprising: 

a multi-antenna signal processing circuit 
configured to be situated in a first access 
point and adapted to: 

operate with a first baseband processor, so 
that the first baseband processor 
handles data transmissions in a first 
mode between the first access point 
and a second access point under a first 
channel transmission condition without 
multi-antenna signal processing by the 
multi-antenna signal processing circuit, and 


1 . A method of operating a radio 
frequency (RF) signal processing circuit 
comprising: establishing a wireless 
communications channel between a 
first access point and a second access 
point in accordance with a 
communications protocol; monitoring 
transmission conditions in said wireless 
communications channel, including an 
available data rate, to determine whether 
a first transmission mode or a second 
transmission mode should be used; 
performing a first set of signal 
processing operations at said first 
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the multi-antenna signal processor 
handles data transmissions in a second 
mode between the first access point 
and the second access point under a 
second channel transmission condition; 
receive M independent RF modulated 
input signals from the second access 
point when the second channel 
transmission mode exists between the 
first access point and the second 
access point; and 
process the M independent RF 
modulated input signals using a channel 
mixing matrix to extract N independent 
data signals transmitted by the second 
access point; wherein the multi-antenna 
signal processing circuit operates 
selectively with the first baseband 
processor to demodulate RF signals 
received in a channel from the second 
access point. 



access point on a single received RF 
signal from said second access point 

when said first transmission mode is used; 
performing a second set of signal 
processing operations, including at least 
one operation not included in said first set 
of signal processing operations, at said 
first access point on M independent RF 
received signals from said second 
access point when said second mode of 
operation is used; wherein data 
transmissions between said first access 
point and said second access point are 
compliant with said communications 
protocol in both said first transmission 
mode and said second transmission mode. 



20. A radio frequency (RF) multi-antenna 

access point circuit comprising: 

a baseband processor circuit adapted to 

handle for handling data transmissions 

during a first operating mode in a 

channel between a first access point 

and a second access point; 

a multi-antenna signal processing circuit for 

handling data transmissions during a 

second operating mode in the channel, 

the multi-antenna signal processing circuit 

being further adapted to: 

receive M independent RF modulated 

input signals from the second access 

point; and 

process the M independent RF 
modulated input signals using a 
channel mixing matrix to extract N 
independent data signals transmitted by 
the second access point; wherein the 
first operating mode and the second 
operating mode are automatically 
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selected by the RF multi-antenna 
access point system based on a 
transmission condition in the channel; 

a modulator/demodulator circuit coupled to 
an antenna assembly and the multi- 
antenna signal processing circuit and 
baseband processor circuit for extracting 
l/Q data samples from an RF modulated 
received signal; and 

a media access controller coupled to the 
multi-antenna signal processing circuit and 
baseband processor circuit for interfacing 
to a host computing system, wherein 
the baseband processor is adapted to 
operate with the multi-antenna signal 
processing circuit, and wherein the 
baseband processor is configured to 
handle data transmissions during the 
first operating mode without multi- 
antenna signal processing by the multi- 
antenna signal processing circuit. 




Claim 2 


Claim 2 


2. The circuit of claim 1 , wherein the multi- 
antenna signal 

processing circuit is enabled and 
selectively operates in the second mode 
when channel conditions indicate that a 
data rate in said channel has fallen 
below a predetermined threshold. 


2. The method of claim 1 , wherein said 
second mode is automatically enabled 
when transmission conditions indicate 
that a data rate in said channel has 
fallen below a predetermined threshold. 


Claim 3 


Claim 3 


3. The circuit of claim 1 , wherein the multi- 
antenna signal 

selectively operates in the second mode 
in response to a determination that a 
data rate in the channel is to be 
enhanced above a nominal operating 
rate. 


3. The method of claim 1 , wherein said 
second mode is automatically enabled 
when transmission conditions indicate 
that a data rate in said channel is to be 
enhanced above a nominal operating 
rate 


Claim 6 


Claim 4 


6. The circuit of claim 1 , wherein the first 
baseband processor 


4. The method of claim 1 , wherein said 
communications protocol is based on an 
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is compatible with an 802.1 1x 
communications protocol. 


802.11 communications protocol 


Claim 7 


Claim 5 


7. The circuit of claim 1 , wherein a 
processing latency of the 
multi-antenna signal processing circuit is 
compensated using a dummy data 
response to maintain compatibility with 
a transmission protocol used by the first 
access point and the second access point 


5. The method of claim 1 wherein said 
second set of signal processing operations 
introduce a latency, and said latency is 
compensated using a dummy data 
response to maintain compatibility with 
said communications protocol. 


Claim 8 


Claim 6 


8. The circuit of claim 1 , wherein the multi- 
antenna signal 

processing circuit is configured as a 
multiple-in, multiple out (MIMO) 
processor. 


6. The method of claim 1 wherein said 
second set of signal processing operations 
is performed by a multiple-in, multiple 
out (MIMO) processor. 


Claims 21-24 


Claim 7 


21 . An apparatus comprising: 

a multi-antenna signal processing 
circuit; 

a first baseband processor configured to 
operate capable of operating 
substantially with the multi-antenna 
signal processing circuit, the first 
baseband processor capable of 
handling configured to handle data 
transmissions in a first mode; and 
the multi-antenna signal processor 
configured to handle capable of 
handling data transmissions in a 
second mode 

wherein the baseband processor is 
configured to handle data 
transmissions during the first mode 
without multi-antenna signal processing by 
the multi-antenna signal processing circuit. 

22. An apparatus according to claim 21 , 
further comprising: 


7. A method of performing multi-antenna 
radio frequency (RF) communications 
comprising: performing data transmissions 
during a first operating mode in a 
channel at a first access point using a 
first baseband processor; performing 
data transmissions during a second 
operating mode in said channel at said 
first access point using a multi-antenna 
signal processing circuit that is not 
used in said first operating mode, 
including the following: receiving M 
independent RF modulated input 
signals from a second access point; 
processing said M independent RF 
modulated input signals using a 
channel mixing matrix to extract N 
independent data signals transmitted by 
said second access point; wherein said 
first operating mode and said second 
operating mode are automatically selected 
based on a transmission condition in said 
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a first access point, including the multi- 
antenna signal processing circuit and the 
first baseband processor, configured to 
transmit or receive capable of transmitting 
and receiving data in the first mode or the 
second mode, or combinations thereof; 
a second access point configured to 
transmit or receive capable of transmitting 
or receiving data in the first mode or the 
second mode, or combinations thereof; 
the first baseband processor further 
configured to handle capable of handling 
data transmissions in the first mode 
between the first access point and the 
second access point under a first channel 
transmission condition; and 
the multi-antenna signal processor further 
configured to handle capable of handling 
data transmissions in the second mode 
between the first access point and the 
second access point under a second 
channel transmission condition. 

23. An apparatus according to claim 22, 
wherein the multi-antenna signal processor 
is further configured to receive capable of 
receiving M independent modulated 
input signals from the second access 
point if the second channel 
transmission condition exists between 
the first access point and the second 
access point. 

24. An apparatus according to claim 23, 
wherein the multi-antenna signal processor 
is further configured to process capable of 
processing the M independent 
modulated input signals using a 
channel mixing matrix to extract N 
independent data signals transmitted by 
the second access point. 


channel. 


Claims 34, 35, 37 


Claim 7 


34. A communication system comprising: 


7. A method of performing multi-antenna 
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a multi-antenna signal processor 
processing circuit; 

a first baseband processor capable of 
operating with the 

multi-antenna signal processor processing 
circuit, the first baseband processor 
configured to handle data transmissions 
in a first mode; and 
the multi-antenna signal processor 
configured to handle capable of handling 
data transmissions in a second mode 
wherein the first baseband processor is 
configured to handle data 
transmissions during the first mode 
without multi-antenna signal processing by 
the multi-antenna signal processing circuit. 

35. A communication system according to 
claim 34, further comprising: 
a mobile terminal configured to transmit 
capable of transmitting data to a first and/or 
second access point; 
the first access point, including the multi- 
antenna signal processor and the first 
baseband processor, configured to transmit 
or receive capable of transmitting and 
receiving data in the first and/or second 
mode; 

the second access point configured to 
transmit or receive capable of transmitting 
and receiving data in the first and/or 
second mode; 

the first baseband processor further 
configured to handle capable of handling 
data transmissions in the first mode 
between the first access point and the 
second access point under a first channel 
transmission condition; and 
the multi-antenna signal processor further 
configured to handle capable of handling 
data transmissions in the second mode 
between the first access point and the 
second access point under a second 
channel transmission condition. 



radio frequency (RF) communications 
comprising: performing data transmissions 
during a first operating mode in a 
channel at a first access point using a 
first baseband processor; performing 
data transmissions during a second 
operating mode in said channel at said 
first access point using a multi-antenna 
signal processing circuit that is not 
used in said first operating mode, 
including the following: receiving M 
independent RF modulated input 
signals from a second access point; 
processing said M independent RF 
modulated input signals using a 
channel mixing matrix to extract N 
independent data signals transmitted by 
said second access point; wherein said 
first operating mode and said second 
operating mode are automatically selected 
based on a transmission condition in said 
channel. 
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37. A communication system according to 
claim 35, wherein the multi- antenna signal 
processor is further configured to process 
capable of processing the M 
independent modulated input signals 
using a channel mixing matrix to extract 
N independent data signals transmitted 
by the second access point. 




Claims 10, 30-32,43-45 


Claim 15 


10. An 802.1 Ix compatible radio 
frequency (RF) multi-antenna access 
point enhancement circuit comprising: 
a multi-antenna signal processing circuit 
configured to be situated in a first access 
point and adapted to: 

operate with a first baseband processor, 
so that the first baseband processor 
handles data transmissions in a first 
mode between the first access point in 
accordance with an 802.1 1x protocol, 
and a second access point under a first 
channel transmission condition, without 
multi-antenna signal processing by the 
multi-antenna signal processing circuit, and 
the multi-antenna signal processor 
handles data transmissions in a second 
mode between the first access point 
and the second access point in 
accordance with an 802.1 1x protocol 
under a second channel transmission 
condition; 

receive M independent RF modulated 
input signals from the second access 
point when the second channel 
transmission mode exists between the 
first access point and the second 
access point; 

process the M independent RF 
modulated input signals using a channel 
mixing matrix to extract N independent 
data signals transmitted by the second 
access point; 


15. A method of transmitting and receiving 
data in a 802.11 compatible 
communications channel using a 
plurality of radio frequency (RF) 
received signals comprising: operating a 
first baseband processor to handle data 
transmissions in a first mode between a 
first access point and a second access 
point in accordance with an 802.11 
protocol, based on a first channel 
transmission condition; operating a multi- 
signal processor to handle data 
transmissions in a second mode between 
said first access point and said second 
access point in accordance with an 
802.11 protocol under a second channel 
transmission condition, wherein during 
said second mode said multi-signal 
processor: i) receives M independent RF 
modulated input signals from said 
second access point; ii) processes said 
M independent RF modulated input 
signals using a channel mixing matrix 
to extract N independent data signals 
transmitted by said second access 
point; transmitting an RF modulated signal 
to said second access point using a 
point coordination function (PCF) mode 
associated with said 802.11 protocol so 
as to maintain timing compatibility; 
wherein said multi-signal processor 
operates with said first baseband 
processor, in said second mode, to 
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transmit an RF modulated signal to the receive and transmit RF signals in a 

second access point using a point channel between said first access point 

coordination function (PCF) mode and said second access point. 

associated with the 802.1 1x protocol so 

as to maintain timing compatibility; 

wherein the multi-antenna signal 

processing circuit is configured to 

operate operates with a first baseband 

processor to receive and transmit RF 

signals in a channel between the first 

access point and the second access 

point. 

30. A multi-antenna access point circuit 
comprising: 

a baseband processor circuit configured to 
handle capable of handling data 
transmissions during a first operating 
mode in a channel between a first 
access point and a second access 
point; and a multi-antenna signal 
processing circuit configured to handle 
capable of handling data transmissions 
during a second operating mode in the 
channel, wherein the baseband processor 
is configured to operate capable of 
operating with the multi-antenna signal 
processing circuit, and wherein the 
baseband processor is configured to 
handle data transmissions during the first 
operating mode without multi-antenna 
signal processing by the multi-antenna 
signal processing circuit. 

31 . A multi-antenna access point circuit of 
claim 30, wherein the multi-antenna signal 
processing circuit is configured to receive 
capable of receiving M independent 
modulated input signals from the 
second access point. 

32. A multi-antenna access point circuit of 
claim 30, wherein the multi-antenna signal 

processing circuit is configured to process 
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capable of processing the M 
independent modulated input signals 
using a channel mixing matrix to extract 
N independent data signals transmitted 
by the second access point. 

43. A communication system comprising: 
a media access controller; 

a baseband processor circuit coupled to 
said media access controller, said 
baseband processor being configured to 
handle capable of handling data 
transmissions during a first operating 
mode in a channel between a first 
access point and a second access 
point; and a multi-antenna signal 
processing circuit configured to handle 
capable of handling data transmissions 
during a second operating mode in said 
channel, wherein the baseband processor 
circuit is configured to operate capable of 
operating with the multi-antenna signal 
processing circuit, and wherein the 
baseband processor circuit is configured 
to handle data transmissions during the 
first operating mode without multi- 
antenna signal processing by the multi- 
antenna signal processing circuit. 

44. A communication system according to 
claim 43, wherein the multi- antenna signal 
processing circuit is configured to receive 
capable of receiving M independent 
modulated input signals from the 
second access point. 

45. A communication system according to 
claim 43, wherein the multi- antenna signal 
processing circuit is configured to process 
capable of processing the M 
independent modulated input signals 
using a channel mixing matrix to extract 
N independent data signals transmitted 
by the second access point. 
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Claim 11 


Claim 16 


1 1 . The circuit of claim 1 0, wherein the 
multi-antenna signal processing circuit is 

UUIMiyuicU LU piUUcoo |JIUUcooco UdLd 

using a high rate direct sequence 
spread spectrum (HR/DSSS) physical 
layer frame structure that has a 
preamble and header compatible with 


5. The method of claim 15, wherein said 
multi-signal processor processes data 
using a high rate direct sequence 
spread spectrum (HR/DSSS) physical 
layer frame structure that has a 
preamble and header compatible with 
said 802.11 protocol. 


Claim 12 


Claim 17 


12. The circuit of claim 1 1 , wherein the 
header includes additional data to 
identify a high rate mode. 


17. The method of claim 16, wherein said 
header includes additional data to 
identify a high rate mode. 


Claim 13 


Claim 18 


1 3. The circuit of claim 1 1 , wherein the 
header includes additional data to 
identify a modulation format. 


18. The method of claim 16, wherein said 
header includes additional data to 
identify a modulation format. 



Allowable Subject Matter 
4. Claims 4, 5, 9, 14-19, 25-29, 33, 36, 38-42 and 46-62 are objected to as being 
dependent upon a rejected base claim, but would be allowable if rewritten in 
independent form including all of the limitations of the base claim and any intervening 
claims. 



Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to JAIME M. HOLLIDAY whose telephone number is 
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(571)272-8618. The examiner can normally be reached on Monday through Friday 
7:30am to 4:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Charles Appiah can be reached on (571) 272-7904. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Jaime M Holliday/ 
Examiner, Art Unit 2617 



/Charles N. Appiah/ 

Supervisory Patent Examiner, Art Unit 2617 



